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mulate in living organisms. The symptoms of deficiency or excessive exposition to copper can be observed in plants, water organisms, and humans [2, 3] . According to environmental regulations worldwide, copper concentrations must be checked in order to identify that they are at an acceptable level before being discharged into the environment. The Environmental Protection Agency (EPA) has established a Maximum Contaminant Level Goal (MCLG) for copper in public drinking water systems at 1.3 mg/L. The EPA has also published a regulation to control lead and copper levels in drinking water [4, 5] . Therefore, it is very important to develop techniques for the removal of Cu (II) ions from both municipal and industrial wastewater.
The removal of copper from potable water and wastewater can mainly be accomplished by using several conventional methods including precipitation, electrochemical and sorption technologies [6] [7] [8] . Furthermore, most of these processes are not implemented because of their high cost, the requirement for large amount of toxic solvents, disposal of sludge, low efficiency, and unfavourable selectivity, especially in elevated concentrations [9] . The treatment of wastewaters containing low concentrations of heavy metals is very difficult. Adsorption is one of the commonly recommended methods for heavy metal removal, and extraction, and the pre-concentration of the low concentration levels from the various aqueous environments [10, 11] .
In general, the efficiency of the adsorption depends on many factors, including the surface area, pore size and distribution of it, as well as the surface chemistry of the adsorbents. The sorbents with a high specific surface area as a result of the micropore character are generally needed for high adsorption efficiency. Nanosorbents have a high porosity (∼99%) and high specific surface areas (500-1000 m 2 g -1 ) as well as low density. Hence, these characteristics make nanosorbents excellent candidates for the adsorption processes [12] . Alumina and silica nanosorbents are the most commonly used adsorbents for preconcentration, the solid phase extraction, and the removal and separation of heavy metal ions at a low level concentration [13] . The hydroxyl groups on the surface of the silica and alumina are the major contributing factors that are responsible for the binding, adsorption, and extraction processes. However, the weak ion exchange properties of these hydroxyl groups are to favour their low interaction behaviour with various species [14] . Therefore, the improvements of the adsorption efficiency of alumina and silica nanosorbents toward heavy metals can be achieved by surface modification via the immobilization and incorporation of certain functional groups [15] [16] [17] . They combine the unique features and process adv-antages of liquidliquid extraction and adsorption [18] [19] [20] [21] .
Room temperature ionic liquids (RTILs) are gaining widespread interest as a green solvent. They are regarded as a potential alternative media in catalytic synthesis, separation, and electrochemical applications as a result of their unique chemical and physical properties. They have an extremely low vapour pressure, good thermal stability, high ionic conductivity, tuneable viscosity, a large electrochemical window, as well as good extractability for various organic compounds and metal ions [22] . The non-flammable and non-volatile nature of ILs provides the advantages for using them as replacement for volatile organic compounds in the solvent extraction processes [23] [24] [25] [26] [27] [28] . The application of ionic liquid based on the separation of heavy metal ions from the aqueous phase is a field of intensive research and promising perspective [29] [30] [31] .
A number of researchers have been devoted to the description of synthesis and the properties of various ILs based on imidazolium cations, focusing on their potential for the extraction of metal ions [9,32--34] . A series of imidazolium based IL were used as an extractant to remove mercury [35] and to leach gold, silver, copper, and base metals from sulphuric ores [31] [17] . The immobilization of ILs as thin layers on porous materials can be achieved by simple physisorption or by chemical binding to support one of the ions that are composed of IL [38] .
In this study, the improvement of Cu (II) ion sorption performance of the nano-silica and nano-alumina particles was investigated by the immobilization of 1-ethyl-3-methyl imidazolium bis(trifluorosulfonyl) imide [Emim + Tf 2 N -] ionic liquid. The incorporation was achieved via the ultrasound assisted physical impregnation method. Ultrasonication, as an unconventional method, is less time-consuming, and ensures the effective mass transfer of IL from the liquid phase onto solid support [39] . The physicochemical and morphological characterization of the adsorbents was investigated by using FT-IR and SEM analysis. The effects of the loading ratio and the sonication time on the sorption performance of the modified nanoparticles were investigated. The sorption equilibrium and kinetic behaviour of the modified nanoparticles were also evaluated.
EXPERIMENTAL Materials
The nanoparticles Aerosil TT600, Aerosil MOX 80, and Alu-C were obtained from the Evonik Industries. The identifications and typical properties of the nanoparticles used in the experiments are given in Table 1 .
The chemicals used during the experiments were of analytical pure grades. The 1-ethyl-3-methylimidazolium bis(trifluormethylsulfonyl)imide [Emim The copper ion concentrations of the solution were obtained by using a flame-atomic absorption spectrophotometer (AAS), Pelkin Elmer, Varian 10+ model.
Impregnation
The impregnation of the ionic liquid onto the particles was obtained by following the physical impregnation method [18] . A known amount of nanoparticles were dispersed into 25 mL of ethanol by the addition of the accurate amount of ionic liquid and sonicated at a 35 Hz frequency for 5, 10, and 15 min. All the obtained samples were dried in a vacuum at 50 °C for 24 h in order to remove the ethanol. The ratio of the IL (mL) per nanoadsorbent amount (g) was selected as 0.5:1, 1:1 and 2:1 (mL IL/g nanoparticles).
Characterization
The structural characterizations of the modified adsorbents were achieved by using a Fourier transform infrared spectrometer. A FT-IR spectrometer (Pelkin Elmer Spectra 100) with high resolution in the wave number range of 650-4000 cm -1 was used to identify the functional groups both before and after the modification of the nanoparticles with IL.
The morphological characterization was performed by using a scanning electron microscopy (Quanta 400 F field emission) equipped with an energy dispersive X-ray (EDX) spectrometer. The microscope was operated at an accelerating voltage of 20.00 kV. The particles were coated with a gold layer in order to make them conductive.
Batch adsorption studies
The adsorption studies were carried by contacting 0.01 g. of adsorbent with the 10 mL of aqueous solution containing 10 -2 M Cu(II) ions, during 24 h at 30 °C. The initial pH of the Cu(II) solution was adjusted to the value of 6.
The uptake of Cu(II) by the adsorbent was calculated from the following equation:
where q e is the Cu (II) uptake (mg/g), c 0 and c e are the initial and equilibrium Cu(II) concentrations in the aqueous phase (mg/L), V is the volume of solution (mg/L), and W is the amount of adsorbent (g).
The sorption percentage of the nanoparticles was calculated as follows:
The effect of the loading ratio on the adsorption of Cu(II) was investigated by using the adsorbents containing a various amount of ionic liquid. The ratio of the IL (mL) per nanoadsorbent amount (g) was selected as 0.5:1, 1:1 and 2:1 (mL IL/g nanoparticles).
To determine the equilibrium behaviour of the IL impregnated nanoparticles, the adsorption experiments were performed with the initial Cu(II) concentrations that ranged from 1-50 mg/L.
RESULTS AND DISCUSSION

Surface modification and characterization
Scanning electron microscopy (SEM) via surface imaging can be directly implemented in order to prove the existence of ionic liquid on the solid structure. The morphological changes of the nanoparticles impregnated with the ionic liquid at various ratios are shown in Figure 1 . It is evident from Figure 1 that the immobilization of the IL on the surface of the silica and alumina nanoparticles had led to a pronounced Figure 1 . SEM images of the unmodified and modified particles magnified to 50000×.
and characterized change on the surface morphology. It was clearly observed that the IL covered the surface of the nanoparticles, which led to a decrease in the surface area by modification. EDX analyses are used to study the overall chemical composition and the distribution of the chemical elements of interest in the unmodified and modified nanoparticle. The elementary compositions of prepared adsorbents are tabulated in Table 2 .
The impregnation of nanoparticle supports is evidenced by the presence of the characteristic elements of EMIMTf2N type ionic liquid. These are mainly N and F and C.
The surface modification of the nano-sorbents can also be investigated by using Fourier transform infrared (FTIR) spectroscopic analysis [14] . The FTIR spectra of S1, S2 and S3 nanoparticles are shown in Figure 2a -c, respectively.
The characteristic peaks of the imidazolium ionic liquid around the position of 3159 and 1520 cm -1 in Figure 2 , were attributed to the C-H and C=C vibrations of the imidazole ring in Figure 2 . In addition, the infrared region of the ionic liquid spectrum between 1400 and 1000 cm -1 was mainly dominated and characterized by several peak assignments that are related to the anion moiety [15] . In all spectra of the silica nanoparticles (Figure 2a and b) , the bands around 1090 cm -1 , which assigned the stretching vibrations of the Si-O-Si groups of the silica backbone, were observed. In Figure 2c , the vibrations of Al-O-Al can be attributed at 914 cm -1 (asymmetric stretching). It can also be seen in all the spectra of modified nanoparticles, that two new adsorption peaks at the position of 3159 and 1520 cm -1 appeared after nanoparticles were treated with IL. These adsorption peaks, which can be attributed to the C-H and C=C vibrations of the imidazole ring, indicate that the ionic liquid was impregnated onto the nanoparticles. The peaks at the position of 3358 and 3465 cm -1 of the unmodified silica and alumina particles, respectively, which are attributed the O-H vibration of particle surfaces, disappear or decrease by modification with the IL. This indicates that the Tf 2 N in the imidazolium cation is in interaction with the hydroxyl group of silica and alu- 
Adsorption performance
The change in the sorption performance of the nanoparticles by modification with the IL is shown in Table 3 . The Cu(II) sorption performances of the unmodified nanoparticles S1 (200 m 2 /g), S2 (80 m 2 /g) and S3 (100 m 2 /g) were found to be 24, 34 and 61%
respectively. Although a greater removal performance for S1 may be expected by considering their specific surface areas, S2 and S3 exhibited a higher sorption percentage because of their alumina content. The corresponding values of the particles loaded with IL (the volume/mass ratio of 0.5:1 and 10 min. dispersion time) were found to be 40, 53 and 92%, respectively. It is clear that the sorption capacities of the nanoparticles are enhanced with the impregnation of IL. As shown by Hua et al., when a modifier is immobilized at the surface of the nanoparticles, the removal, and the removal mechanism is changed accordingly [13] . Metal ions are not only removed by adsorption on the surface of the nanoparticles but also by a surface attraction and/or chemical-bonding interaction on the immobilized IL.
Effect of loading ratio of IL
The effects of the ionic liquid loading ratio (L R ) on the sorption percentage (%) at different dispersion times (t D ) are shown in Figure 4 . It is evident that impregnation of the nanoparticles at a ratio of 0.5:1 show a higher sorption performance up to 40, 52 and 92% for S1 S2 and S3, respectively. A further increase in the impregnation ratio (1:1 and 2:1) tends to decrease the sorption performances of all types of nanoparticles. This decline in the sorption percentages can be attributed to the decrease in the value of the surface area by filling the pores of the particles with IL.
Effect of dispersion time
The dispersion of the nanoparticles in the IL solution is one of the key factors in order to obtain an effective impregnation as well as high sorption capacity values. Therefore, several dispersion time intervals (5, 10 and 15 min) in an ultrasonic bath were used to evaluate such time effect on the Cu(II) ion sorption by the IL impregnated nanoparticles. The results of this study are shown in Figure 5 . It is evident that the prolonged dispersion of the nanoparticle in the ethanol-ionic liquid mixture during preparation increases the sorption capacity of all types of nanoparticles.
Equilibrium behaviour
The equilibrium behaviour of the silica and alumina nanoparticles modified with IL are shown in Figure 6 . It is clear that the initial concentration of the Cu(II) ion in the solution had remarkable effects on the equilibrium sorption performances of the modified particles due to the higher availability of the metal ions for sorption. In addition, the modified alumina particles (S3) have a higher sorption equilibrium capacity than the others because of having a high surface area along with the alumina content. The equilibrium adsorption isotherms are some of the most important data for determining the sorption performances of the modified particles through the potential affinity between the metal ion and the adsorbent, the bond energy and the sorption capacity. The most commonly employed models, namely the Langmuir and Freundlich adsorption models, were used in this study in order to describe the relationship between the amount of Cu(II) ion adsorbed per unit weight of the modified nanoparticles q e and the liquid- 
where c e is the equilibrium concentration (mg/L), q max is the monolayer adsorption capacity (mg/g) and b is the constant related to the free adsorption energy (Langmuir constant, L/mg):
= + e F e 1 log log log q k c n (4) where k F is a constant indicative of the adsorption capacity of the adsorbent (mg/g) and the constant 1/n indicates the intensity of the adsorption.
The calculated parameters of the adsorption isotherms along with regression coefficients are listed in Table 4 . The Langmuir isotherm model had the highest values of the regression coefficients when compared to the Freundlich isotherm models, which showed the homogeneous nature of the adsorbent. The maximum adsorption capacity and Langmuir constant were calculated from the slope and intercept of the linear plots c e /q e versus c e (supplementary material, available from the author upon request) which give a straight line of slope 1/q e which correspond to complete the monolayer coverage (mg/g) and the intercept is 1/q max b. Maximum adsorption capacity, q max , were found as 2.61, 2.25 and 8.25 mg/g for S1, S2 and S3, respectively. Based on these values, it can be accomplished that S3 has very good potential among other prepared sorbents, for the removal of Cu(II) from an aqueous solution. Affinity between sorbent and sorbate can be represented by the constant b which is related to the free adsorption energy can be used to calculate separation factor (R L ) describing the essential characteristics of the isotherm. R L is calculated using the formula:
where R L is a dimensionless constant called separ- Moreover, the calculated R L at different concentrations of Cu(II), fall within the range 0 < R L < 1, revealing that the sorption of Cu(II) by S3 sorbent is favourable at all the metal concentrations investigated.
CONCLUSIONS
In this study, modification nano-silica and nanoalumina particles were obtained by the immobilization of 1-ethyl-3-methyl imidazolium bis(trifluorosulfonyl)-imide type ionic liquid in order to improve the Cu(II) ion sorption performance. Based upon the experimental results, Cu(II) sorption percentages achieved with modified nanoparticles were higher than that of modified nanoparticles due to synergistic effect of electrostatic interaction with IL and Cu(II) ions. The Cu(II) sorption performances of nanoparticles Aerosil TT600, Aerosil MOX80, and Alu-C were increased by modification, from 23.80, 34.13 and 61.13% to the values of 40, 52 and 92%, respectively.
The sorption performance of modified nanoparticles was directly affected by the amount of IL confined (mL IL/g nanoparticle). The impregnation of the nanoparticles at a ratio of 0.5:1 showed higher sorption percentages up to 90%. Further increase in the impregnation ratio (1:1 and 2:1) results in a decrease in sorption capacity. Adsorption isotherm data of Cu(II) ions on ionic liquid impregnated nano-silica and nano-alumina particles were well fit with Langmuir adsorption isotherm model. The maximum monolayer capacity was found to be 8.25 for IL impregnated silica nanoparticle. The R L value, showed favorable sorption of Cu(II).
All the experimental data indicated that the IL impregnated nano-silica and nano-alumina particles are promising agents in the removal of Cu(II) ions from aqueous media. Although 92% removal was obtained, the complete removal can be technically feasible through the multi-stage contact.
